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It is believed that Nef-mediated HLA class I down-regu-
lation is one of the mechanisms that allow HIV-1-infected
cells to escape from being killed by HIV-1-specific human
CTLs. In this study, we show that the effect of Nef-medi-
ated HLA class I down-regulation on the ability of HIV-
1-specific CTLs to suppress HIV-1 replication is epitope
dependent. The CTLs specific for two Pol epitopes pre-
sented by HLA-B*5101, one of the HLA alleles associated
with slow progression to AIDS, effectively killed HIV-1-
infected CD4� T cells and suppressed HIV-1 replication.
In contrast, those specific for the other four epitopes failed
to kill HIV-1-infected CD4� T cells and partially or
hardly suppressed HIV-1 replication. The difference of the
ability between these two types of CTLs may result from
the difference of the number of HLA class I epitope complex
on the surface of NL-432-infected CD4� T cells. The Jour-
nal of Immunology, 2005, 174: 36–40.

H uman immunodeficiency virus-1 escape from HIV-1-
specific CD8� T cells occurs during acute and
chronic phases of HIV-1 infections, although the

mechanisms of the HIV-1 escape still remain unclear. Previ-
ously, various investigators proposed several hypotheses con-
cerning mechanisms of HIV-1 escape from the host immune
system such as mutations of immunodominant epitopes (1), re-
duction in the number of HIV-1-specific CTLs by apoptosis of
CD8� T cells via Fas and TNF (2), skewed maturation of HIV-
1-specific CD8� T cells (3), and impaired cytolytic activity of
HIV-1-specific CTL toward HIV-1-infected CD4� T cells by
Nef-mediated down-regulation of HLA class I molecules (4).

Nef down-regulates the surface expression of both HLA-A
and -B molecules in HIV-1-infected cells because of internal-
ization of these molecules from the cell surface by endocytosis in
the presence of Nef (5). A previous study showed that the ex-
pression of HLA-A2 molecules on Nef-positive (Nef�) HIV-1-
infected primary CD4� T cells was 200- to 300-fold lower than
that on Nef-defective (Nef�) HIV-1-infected ones (6). These

observations suggested that the Nef-mediated HLA class I
down-regulation may decrease the recognition of HIV-infected
cells by HIV-1-specific CTLs. In fact, it was shown that HLA-
A*0201-restricted HIV-1-specific CTLs failed to kill Nef�

HIV-1-infected CD4� T cells but effectively killed Nef� HIV-
1-infected ones (4). This was further confirmed by a study using
two HLA-B*3501-restricted, HIV-1-specific CTL clones (7).
The ability of HIV-1-specific CTLs to suppress HIV-1 replica-
tion was also impaired by Nef-mediated HLA class I down-reg-
ulation (7, 8). These studies strongly suggest that Nef-mediated
HLA class I down-regulation is one of the major mechanisms by
which HIV-1 escapes from HIV-1-specific CTLs. However, be-
cause only a very restricted number of HIV-1-specific CTLs has
been tested for their abilities to kill Nef� and Nef� HIV-1-in-
fected CD4� T cells and to suppress the HIV-1 replication, it still
remains uncertain whether Nef-mediated HLA class I down-reg-
ulation affects the killing ability of all HIV-1-specific CTLs.

HLA-B57, -B51, and -B27 alleles are associated with slow
progression to AIDS (9). It has been speculated that long-term
nonprogressors (LTNPs)3 and slow progressors carry CTLs spe-
cific for conserved and dominant epitopes whose recognition is
not affected by Nef-mediated HLA class I down-regulation.
However, no study has yet investigated this hypothesis. To clar-
ify the effect of Nef-mediated HLA class I down-regulation on
CTLs specific for HIV-1 epitopes presented by HLA alleles that
are associated with or not associated with slow progression to
AIDS, we investigated the ability of both HLA-B*5101-re-
stricted and HLA-A*3303-restricted HIV-1-specific CTLs to
recognize HIV-1-infected CD4� T cells. In this study, we show
that HIV-1-specific CD8� T cells have various ranges of ability
to kill HIV-1-infected CD4� T cells and to suppress the repli-
cation of HIV-1.

Materials and Methods
HIV-1-specific CTL clones and lines

HIV-1-specific CTL clones and CTL lines were generated previously (10–12).
All CTLs were cultured in R10 medium supplemented with 200 U/ml recom-
binant human IL-2 and stimulated weekly with irradiated target cells prepulsed
with the appropriate HIV-1-derived peptide.
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HIV-1 clones

An infectious proviral clone of HIV-1, pNL-432, and its mutant, pNL-M20A
(containing a substitution of Ala for Met at residue 20 of Nef), were reported
previously (13).

Infection of CD4�T cells with HIV-1

CD4� T cells were purified from PBMCs of HIV-1-seronegative individuals
with HLA-B*5101 or HLA-A*3303 by means of anti-human CD4 mAb-
coated magnetic beads (MACS beads; Miltenyi Biotec). The purified CD4� T
cells were cultured and infected with HIV-1 clones as previously shown (7).

CTL assay

The cytotoxicity of CTL clones for cultured CD4� T cells infected with HIV-1
(�40% p24 Ag-positive cells) was determined by a standard 51Cr release assay
as shown previously (7).

Flow cytometric analysis

To assess HLA class I expression in HIV-1-infected CD4� T cells, the cells were
stained with anti-B5 mAb 4D12 following staining with allophycocyanin-la-
beled anti-mouse Ig (BD Pharmingen), and thereafter were fixed and perme-
abilized for intracellular HIV-1 p24 staining with FITC-labeled anti-p24 mAb
KC-57. The expression of HLA class I molecules on HIV-1-infected CD4� T
cells was analyzed by using a FACSCalibur with CellQuest software (BD Bio-
sciences). For detection of intracellular cytokines, HIV-1-specific CTL clones
were cocultured with peptide-prepulsed CD4� T cells or HIV-1-infected
CD4� T cells for 6 h at a CTL:CD4� T cell ratio of 1:2. CTLs cocultured with
CD4� T cells were used as a negative control. After a 2-h incubation, brefeldin
A was added to each well (10 �g/ml). The cells were then stained as previously
described with a FITC-labeled anti-human CD8 mAb, PE-labeled anti-human
IFN-� mAb, and allophycocyanin-labeled anti-human TNF-� mAb.

Suppression of HIV-1 replication by HIV-1-specific CTLs

The ability of HIV-1-specific CTLs to suppress HIV-1 replication was exam-
ined as previously described (7). After CD4� T cells had been incubated with
the indicated HIV-1 clone following a 4-h incubation at 37°C with intermit-
tent agitation, the cells were washed three times with R10 medium. HIV-1-
infected CD4� T cells were cocultured with HIV-1-specific CTLs. From days
2 to 7 postinfection, 10 �l of culture supernatant was collected, and the con-
centration of p24 Ag in the supernatant was measured by enzyme immunoassay
(HIV-1 p24 Ag ELISA kit; ZeptoMetrix). On days 3, 4, and 5 postinfection,
cells were harvested and stained with a mixture of anti-CD4 and anti-CD8
mAbs and then with anti-p24 mAb. The percentage of intracellular p24 Ag-
positive cells in the CD8� population was determined by flow cytometry.

Peptide binding assay

Binding of HIV-1 epitope peptides to HLA-B*5101 was examined by a peptide
stabilization assay using RMA-S-B*5101 cells as previously described (10).

Results and Discussion
Ability of HIV-1-specific CTLs to suppress HIV-1 replication in
HIV-1-infected CD4� T cells

To investigate the ability of HIV-1-specific CTLs to suppress
HIV-1 replication, we selected the CTLs specific for four HLA-
B*5101 epitopes and two HLA-A*3303 epitopes, whose se-
quences are found in the NL-432 clone. We measured the abil-
ity of seven CTL clones or lines specific for these epitopes to
suppress HIV-1 replication in primary CD4� T cells infected
with either HIV-1 clone NL-432 or its mutant NL-M20A, in
which 1 aa of Nef has mutated and which has the ability to
down-regulate cell surface expression of CD4 but not that of
HLA class I molecules (13). The surface expression of HLA-
B*5101 was indeed down-regulated in NL-432-infected CD4�

T cells but not in NL-M20A-infected ones (Fig. 1A). CD4� T
cells infected with the HIV-1 clones were cocultured with or
without the HIV-1-specific CTLs. p24-positive CD4� T cells
were not detected in the cultures of NL-M20A-infected CD4�

T cells with the SF2-Pol283-8-specific CTL line, SF2-Pol743-
9-51 CTL clone, or SF2-Gag327-9-249 CTL clone. They were
also undetected in the cultures of NL-432-infected CD4� T

cells with the SF2-Pol283-8-specific CTL line or SF2-Pol743-
9-51 CTL clone, whereas the number of the p24-positive
CD4� T cells was reduced by approximately one-half in the
cultures with the SF2-Gag327-9-249 CTL clone. In contrast,
the number of the p24-positive CD4� T cells was not reduced
in the cultures of NL-432-infected and NL-M20A-infected
CD4� T cells with HLA-mismatched HIV-1 Nef-specific CTL
clones, SF2-6-218 and SF2-6-219 (Fig. 1B). These results sug-
gest that SF2-Pol283-8-specific CTL line and SF2-Pol743-
9-51 CTL clone completely suppressed Nef� HIV-1 replica-
tion and that SF2-Gag327-9-249 CTL clone only partially
suppressed it. Two HLA-A*3303-restricted CTLs, the SF2-
Gag144-152-10 clone and the SF2-Env697-706 line, gave the
same results as the latter clones (data not shown).

The enzyme immunoassay analysis confirmed the results of
the flow cytometric analysis (Fig. 1C). The SF2-Pol283-8 line
and SF2-Pol743-9-51 clone completely suppressed replication
of both NL-M20A and NL-432, whereas two CTL clones, SF2-
Gag144-152-10 and SF2-Gag327-9-249, as well as one CTL line,
SF2-Env697-706, partially suppressed NL-432 replication (21.7–
44.0%) and effectively suppressed NL-M20A replication (82.4–
89.9%). These results taken together suggest that the recognition
by the latter CTLs was affected by Nef-mediated HLA class I
down-regulation but that by the former ones was not.

To compare quantitatively the ability of these CTLs to sup-
press NL-432 replication, we tested the ability of the SF2-
Pol283-8 or SF2-Pol743-9-51 at various E:T ratios to suppress
NL-432 replication (Fig. 1D). Approximately 50% suppression
of NL-432 replication was found when SF2-Gag144-152-10
and SF2-Gag327-9-249 CTL clones were tested at an E:T ratio
of 1:1, whereas both SF2-Pol283-8 and SF2-Pol743-9-51 CTL
clones showed �50% suppression at an E:T ratio of 0.001:1,
indicating that these CTLs have 1000-fold stronger ability to
suppress NL-432 replication than SF2-Gag144-152-10 and
SF2-Gag327-9-249 CTL clones.

The number of p24-positive CD4� T cells was not reduced
in the culture of NL-432-infected CD4� T cells with the SF2-
Rev71-11-55 clone, whereas it was partially reduced in that of
NL-M20A-infected CD4� T cells with the same clone (data
not shown). This clone also failed to suppress NL-432 replica-
tion but partially suppressed NL-M20A replication (Fig 1C).
These results suggest that this CTL clone can weakly recognize
NL-M20A-infected CD4� T cells but not NL-432-infected
CD4� T cells.

Ability of HIV-1-specific CTLs to kill HIV-1-infected CD4� T cells
and to produce cytokines by stimulation with HIV-1-infected CD4�

T cells

To clarify the mechanism by which HIV-1-specific CTLs sup-
press HIV-1 replication, we investigated the activity of the
HIV-1-specific CTL clones and lines to kill HIV-1-infected
CD4� T cells and to produce cytokines when stimulated with
HIV-1-infected CD4� T cells. SF2-Pol743-9-51 CTL clone
and SF2-Pol283-8-specific CTL line, which showed strong
suppression of NL-432 replication, effectively killed CD4� T
cells infected with either NL-432 or NL-M20A. The result for
the SF2-Pol743-9-51 clone was also confirmed by using the
SF2-Pol743-9-specific CTL line (Fig. 2A). The cytolytic activ-
ity of these two CTLs for HLA-B*5101�CD4� T cells infected
with NL-432 was almost identical with that of those infected
with NL-M20A at any E:T ratios (Fig. 2B). These results
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indicate that Nef-mediated HLA class I down-regulation does
not affect the ability of these CTLs to kill HIV-1-infected
CD4� T cells. In contrast, the three HIV-1-specific CTLs
(SF2-Gag144-152-10 and SF2-Gag327-9-249 CTL clones,
and SF2-Env697-706 CTL line) killed NL-M20A-infected
CD4� T cells but failed to kill NL-432-infected CD4� T cells
(Fig. 2A), suggesting that Nef-mediated HLA class I down-reg-
ulation affected the ability of these CTLs to kill HIV-1-infected
CD4� T cells. These results are consistent with those of a pre-
vious study showing that 2 HLA-B*3501-restricted CTL clones
killed NL-M20A-infected CD4� T cells but failed to kill NL-
432-infected CD4� T cells (7).

Next, we investigated the ability of these CTLs to produce
IFN-� and TNF-� after having been stimulated with HIV-1-
infected CD4� T cells (Fig. 2C). The total percentages of IFN-�-
and TNF-�-producing cells were �2–5% and 4–9% in the
HIV-1 Pol-specific CTLs stimulated with NL-432-infected and
NL-M20A-infected ones, respectively. In contrast, the total per-
centages of IFN-�- and TNF-�-producing cells were �4 and

4–6% in the HIV-1 Gag- and Env-specific CTLs stimulated with
CD4� T cells infected with NL-432 and NL-M20A, respectively.
Thus, there was no difference in the number of cytokine-produc-
ing cells between these two groups of HIV-1-specific CTLs. These
results suggest that the difference in the ability to suppress HIV-1
replication between the two groups results from that in cytolytic
activity between them, and that cytokines secreted from the CTLs
are partially involved in the suppression of HIV-1 replication.

The SF2-Rev71-11-55 clone failed to produce cytokines af-
ter stimulation with either CD4� T cells infected with NL-432
or those infected with NL-M20A (Fig. 2C). This result together
with that of suppression of HIV-1 replication indicate that the
SF2-Rev71-11 epitope is very weakly presented by HLA-
B*5101 in HIV-1-infected CD4� T cells.

Ability of four HLA-B*5101-restricted CTLs to recognize HIV-1
epitopes

It is thought that the ability of CTLs to kill HIV-1-infected cells
and to suppress HIV-1 replication is determined by the ability

FIGURE 1. Suppression of HIV-1 replication in HIV-1-infected CD4� T cells by HIV-1-specific CTLs. A, Expression of HLA class I molecules on CD4� T cells
infected with HIV-1 NL-432 or NL-M20A. CD4� T cells from donor U-13 with HLA-B*5101 were cultured and then infected with HIV-1 NL-432 or NL-M20A.
On day 3 postinfection, the cells were stained with HLA-B5/B35-specific mAb 4D12 and anti-HIV-1 p24 Ag-specific mAb. The expression of HLA-B*5101 on
p24-positive or p24-negative cells is shown as the mean fluorescence intensity (MFI) in each figure. B, Number of HIV-1-infected CD4� T cells in the cultures of
HIV-1-infected CD4� T cells with HIV-1-specific CTLs. CD4� T cells isolated from donor U-13 were infected with NL-432 or NL-M20A and cocultured with
HIV-1-specific CTLs at an E:T ratio of 1:1. The number of HIV-1 p24 Ag�CD8� cells in the culture was measured by flow cytometry at the peak of HIV-1
infection. Uninfected and HIV-1-infected CD4� T cells stained with anti-p24 mAb are shown as bold line and filled histogram, respectively. Percentages of p24 Ag�

cells are shown in each figure. C, Amount of HIV-1 p24 Ags in the cultures of HIV-1-infected CD4� T cells with HIV-1-specific CTLs. Cultured CD4� T cells
from donors U-13 and U-27(A*3303�) were infected with NL-432 or NL-M20A and then cocultured with HIV-1-specific CTLs at an E:T ratio of 1:1. HIV-1 p24
Ags in the supernatant were measured on days 2–7 postinfection by enzyme immunoassay. The percentage of suppression of HIV-1 replication was calculated. D,
Comparison of the ability of HIV-1-specific CTLs to strongly suppress Nef� HIV-1 replication. CD4� T cells isolated from donor U-13 were infected with NL-432
and then cocultured with the HIV-1-specific CTLs at various E:T ratios. HIV-1 p24 Ag in the supernatant at the peak of infection was measured by enzyme
immunoassay, and the percent suppression of NL-432 replication was calculated.
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of TCR to recognize the epitope and by the amount of the
epitope presented on the surface of HIV-1-infected cells. We
investigated the ability of TCR to recognize the epitope among
four HLA-B*5101-retricted CTLs. We measured the ability of
the peptides to bind to HLA-B*5101 molecules (BL50) by an
HLA-B*5101 stabilization assay, and also measured the ability
of CTLs to kill epitope peptide-pulsed cells (LL50, peptide con-
centration providing a half of maximum percent specific lysis;
Table I). A high BL50/LL50 ratio indicates a high ability of TCR
to recognize the epitope. BL50 values of Pol743-9 and Pol283-8
peptides were 10- and 100-fold lower than those of Rev71-11
and Gag327-9, respectively, indicating that the former peptides

had higher ability to bind to HLA-B*5101 than the latter ones.
In contrast, LL50 values of Pol743-9-51 and SF2-Rev71-11-55
CTLs were 6- and 20-fold lower than those of SF2-Pol283-8
and SF2-Gag327-9-249 CTLs, respectively. Thus, the Pol743-
9-51and Pol283-8-specific CTLs showed lower BL50/LL50

ratio than SF2-Gag327-9-249 and SF2-Rev71-11-55 CTLs
(Table I). These results indicate that the ability of TCR of the
former CTLs to recognize the epitope was much lower than that
of the latter ones. Both Pol743-9-51 and Pol283-8-specific
CTLs effectively killed NL-432-infected CD4� T cells,
whereas SF2-Gag327-9-249 and SF2-Rev71-11-55 CTLs
failed to kill them. These findings together suggest that the

FIGURE 2. Activity of HIV-1-specific CTLs to kill HIV-1-infected CD4� T cells and to produce cytokines after stimulation with HIV-1-infected CD4� T cells.
A and B, CD4� T cells from donors U-13 and U-27 were infected with NL-432 or NL-M20A. On day 3 postinfection, the cells were harvested and used as target
cells in the standard 51Cr release assay. Cytotoxic activity of two CTL lines and five CTL clones was examined for CD4� T cells prepulsed with each epitope peptide
(�) and those infected with NL-432 (f) or with NL-M20A (o) at an E:T ratio of 2:1 (A). Cytotoxic activity of SF2-Pol283-8 and SF2-Pol743-9-51 for NL-432-
infected CD4� T cells or NL-M20A-infected CD4� T cells was examined at E:T ratios of 2:1, 0.5:1, and 0.1:1 (B). The specific lysis of the CTLs for CD4� T cells
pulsed with epitope peptide (1 �M) or without peptide was examined by the same assay. Percentages of p24-positive cells in HLA-B*5101-positive CD4�T cells
infected with NL-432 and with NL-M20A were 42.0 and 37.0%, respectively. C, CD4� T cells purified from the same donors were infected with NL-432 or
NL-M20A. On day 3 postinfection, uninfected CD4� T cells and NL-432- or NL-M20A-infected CD4� T cells were mixed with HIV-1-specific CTLs, at an
effector-to-stimulator ratio of 1:2 and then incubated for 6 h. Intracellular staining of IFN-� or TNF-� was performed by using PE-labeled anti-IFN-� and
anti-TNF-� mAbs. The percentages of p24 Ag-positive cells among U-13 CD4� T cells infected with NL-432 or NL-M20A were 36.6 and 32.1%, respectively, and
those among U-27 CD4� T cells infected with NL-432 or NL-M20A were 33.6 or 31.0%, respectively. The percentages of IFN-�- and TNF-�-producing cells in
the CTLs stimulated with peptide-pulsed CD4� T cells were as follows: Pol283-8, IFN-�, 46.3%, TNF-�, 22.0%; Pol745-9-51, IFN-�, 49.7%, TNF-�, 18.5%;
Gag327-9-249, IFN-�, 17.4%, TNF-�, 0.4%; Env697-706, IFN-� 33.0%, TNF-�, 31.5%; and Rev71-11-55, IFN-�, 40.0%, TNF-�, 21.8%.

Table I. Ability of HLA-B*5101-restricted CTLs to recognize the epitopes

CTLs
Epitope
Peptide Sequence

(A)
Binding Ability of

Peptide (BL50)

(B)
Cytolytic Activity for

Peptide-Pulsed Cells (LL50)a

(A)/(B)
Ability of TCR to

Recognize the Epitope

Cytolytic Activity for
NL-432-Infected Cells

(% specific lysis)

Pol743–9-51 Pol743–9 LPPVVAKEI 6.1 � 10�6 M 5.0 � 10�9 M 1,220 36.0
Pol283–8 Pol283–8 TAFTIPSI 6.8 � 10�6 M 3.0 � 10�8 M 227 28.7
Gag327–9-249 Gag327–9 NANPDCKTI 4.0 � 10�4 M 1.0 � 10�7 M 4,000 8.0
Rev71–11-55 Rev71–11 VPLQLPPLERL 5.0 � 10�5 M 5.0 � 10�9 M 10,000 0

a LL50, Peptide concentration providing a half of maximum percent specific lysis.
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difference in the ability between these CTLs to kill NL432-in-
fected CD4� T cells is due to that in the number of epitopes
presented by HLA-B*5101 on the surface of NL-432-infected
CD4� T cells rather than that in the ability of TCR to recog-
nize the epitope. A recent study also showed that the abilities of
HIV-1-specific CTLs to kill cell lines infected with Nef-defec-
tive HIV-1 IIIB clone and to suppress replication of this clone
were associated with specificity of the CTLs but not with func-
tional avidity of the CTLs (14). Thus, the number of HLA-
epitope complex presented on HIV-1-infected CD4� T cells
may be critical for recognition of HIV-1-specific CTLs.

HLA-B57 and -B27 alleles are well-known factors associated
with slow progression to AIDS (10). A recent study revealed
that HIV-1-specific CD8� T cells have a high proliferation ca-
pacity that is coupled to perforin expression in HLA-B*5701�

LTNPs but not in HLA-B*5701� or HLA-B*5701� progres-
sors (15), suggesting that HIV-1-specific CD8� T cells, which
have a high proliferation capacity and effector function, control
HIV-1 replication in HLA-B*5701� LTNPs. However, the
mechanism of the association of these HLA alleles with slow
progression to AIDS still remains unclear. The present study
revealed that the CTLs specific for the two Pol epitopes pre-
sented by one of the HLA class I molecules associated with slow
progression to AIDS, HLA-B*5101, completely suppressed
HIV-1 replication and killed HIV-1-infected CD4� T cells,
implying that these cells effectively control HIV-1 replication
in vivo. Because we investigated a limited number of CTLs re-
stricted by HLA alleles that are not associated with slow pro-
gression of AIDS in the present and previous studies (8), it still
remains unclear that the existence of these CTLs is associated
with slow progression of AIDS. Further analysis of HIV-1-spe-
cific CTLs restricted by various HLA alleles will clarify the
mechanism of the association of these HLA alleles with slow
progression to AIDS.

In the present study, we showed that the effect of Nef-medi-
ated HLA class I down-regulation on recognition by HIV-1-
specific CD8� T cells of HIV-1-infected CD4� T cells vary in
epitopes, and particularly demonstrated the existence of HIV-
1-specific CTLs that could completely suppress Nef� HIV-1
replication and effectively kill primary CD4� T cells infected
with Nef� HIV-1. These CTLs are expected to suppress HIV-1
replication in vivo.
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